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1. Computational Details 
1.1 Ab Initio Calculations: Ground-state (S0) conformers were first optimized 
using density functional theory (DFT) at the B3LYP level.[S1–S4] The state-
averaged complete active space self-consistent field (SA-CASSCF) method 
(equal state weights, four roots) was employed to optimize minima (S0 and S1) 
and minimum-energy conical intersections (S1/S0). In all SA-CASSCF geometry 
optimizations, the active space contained 10 electrons in 8 orbitals, which always 
included the , *, and two nonbonding orbitals of the N=N moiety. The remaining 
orbitals and electrons in the active space came from  and * orbitals of the 
aromatic and five-membered rings. 
More accurate potential energy profiles were obtained from multi-state 
complete active space second-order perturbation calculations (MS-CASPT2)[S5,S6] 
at SA-CASSCF optimized geometries. In these single-point MS-CASPT2 energy 
evaluations, an imaginary shift of 0.2 a.u. was employed to avoid intruder-state 
issues,[S7] the ionization potential-electron affinity (IPEA) shift was not applied,[S8] 
and the Cholesky decomposition technique with unbiased auxiliary basis sets 
was used to accurately approximate the two-electron integrals.[S9]  
Vertical excitation energies in the gas phase and in acetonitrile were 
computed using time-dependent density functional theory (TD-DFT) at the TD-
B3LYP and TD-CAM-B3LYP[S10, S11] levels as well as the MS-CASPT2 method. 
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We adopted the polarizable continuum model (PCM)[S12, S13] to account for solvent 
effects. The 6-31G* basis set[S14,S15] was used in all computations. The following 
codes were applied: GAUSSIAN09[S16] for all DFT and TD-DFT calculations and 
for the SA-CASSCF optimizations of minimum-energy conical intersections; 
MOLCAS8.0[S17] for all SA-CASSCF optimizations for minima and for all MS-
CASPT2 computations. 
1.2 OM2/MRCI Calculations: All semiempirical calculations were performed 
using the OM2/MRCI method (orthogonalization model 2, multi-reference 
configuration interaction) as implemented in MNDO99 code.[S18–S22] During 
geometry optimizations and dynamics simulations, all required energies, 
gradients and nonadiabatic coupling elements were computed analytically and 
on-the-fly as needed. Minimum-energy conical intersections were optimized using 
the Lagrange-Newton approach.[S23, S24]  
    In the OM2/MRCI calculations, the restricted open-shell Hartree-Fock 
formalism was applied in the self-consistent field (SCF) treatment (i.e., the 
orbitals were optimized for the leading configuration of the S1 state with two singly 
occupied orbitals). The active space in the MRCI calculations included 10 
electrons in 10 orbitals. In terms of the SCF configuration, it comprised the four 
highest doubly occupied orbitals, the two singly occupied orbitals, and the four 
lowest unoccupied orbitals. For the MRCI treatment, three configuration state 
functions were chosen as references, namely the SCF configuration and the two 
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closed-shell configurations derived therefrom (i.e., all singlet configurations that 
can be generated from the HOMO and LUMO of the closed-shell ground state). 
The MRCI wavefunction was built by allowing all single and double excitations 
from these three references. The nonadiabatic dynamics was studied by 
performing 300 fs OM2/MRCI trajectory surface-hopping simulations. Initial 
geometries and velocities were obtained using Wigner sampling as implemented 
in the Newton-X package.[S25-S28] The number of trajectories starting from a given 
initial structure was chosen on the basis of the computed S0-S1 transition 
probability. A total of 695, 700, and 677 surface-hopping trajectories were run for 
P-Z11, M-Z11, and Z8, respectively. For points with an S1-S0 energy gap of less 
than 10 kcal/mol, the fewest-switches criterion was applied to decide whether to 
hop. In the fewest-switches procedure, the Park-Miller algorithm with Bays-
Durham shuffle was used to generate random numbers.[S29] The time step was 
chosen to be 0.1 fs for nuclear motion and 0.0005 fs for electronic propagation. 
The unitary propagator evaluated at mid-point was used to propagate the 
electronic motion. The translational and rotational motions were removed in each 
step. The empirical decoherence correction (0.1 a.u.) proposed by Granucci et al. 
was employed.[S30] The final evaluations were done for the 685, 688, and 669 
trajectories of P-Z11, M-Z11, and Z8 that finished successfully and satisfied our 
energy continuity criterion (no changes greater than 30 kcal/mol between any two 




2. Optimized Structures 
Figure S1 shows the ground-state cis (Z) and trans (E) minima and the S1/S0 
minimum-energy conical intersections (CI) of the arylazopyrazoles Z8 (R1=R2=H) 
and Z11 (R1=R2=CH3). There is only one ground-state minimum for the cis-isomer 
of Z8 and for each of the trans-isomers (E8, E11). The ground-state cis-isomers 
of Z11 and the conical intersections of Z8 and Z11 exist as pairs of enantiomers 
(with helicity P or M). Notation in Figure S1: for example, Z11_M corresponds to 
M-Z11(S0) and CI11_M corresponds to M-CI(S1S0). 
 
Figure S1: Geometric structures of arylazopyrazoles optimized at the CASSCF/6-31G* level 
(nitrogens in blue, carbons in gray, and hydrogens in white). Selected bond lengths are given 















Figure S3: Active-space orbitals in the OM2/MRCI calculations: (a) Z11, (b) Z8. 
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4. LIIC Paths 
 
Figure S4: MS-CASPT2//CASSCF (top) and OM2/MRCI (bottom) profiles computed along 
linearly interpolated internal coordinate (LIIC) paths connecting the S0 minimum (i.e. the 
Franck-Condon point) and the S1/S0 conical intersection reaching M-CI(S1S0) (Z11: left panel, 
Z8: right panel). 
 
Figure S5: OM2/MRCI profiles computed along linearly interpolated internal coordinate (LIIC) 
paths for Z8 connecting the S0 minimum (i.e. the Franck-Condon point) and the S1/S0 conical 
intersection reaching M-CI(S1S0) (solid green) and P-CI(S1S0) (dashed red). 
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5. Tables  
Table S1. Vertical excitation energies (E, kcal/mol), oscillator strengths (f), and singly 
occupied orbitals involved in the S0  S1 (1nπ*) electronic transition of the Z11 arylazopyrazole 
(M-Z11(S0)) and the Z8 arylazopyrazole (S0-Z8), in the gas phase and in acetonitrile. Identical 
results are obtained for the enantiomer of M-Z11(S0) (P-Z11(S0), data not given). The values 
were computed at the TD-B3LYP, TD-CAM-B3LYP, and MS-CASPT2 levels, respectively. 
Orbitals were plotted using Chemcraft. 
 
in the gas phase 
M-Z11(S0) E f singly occupied orbitals 
TD-B3LYP 60.3 (474 nm) 0.0474 
  
TD-CAM-B3LYP 62.5 (458 nm) 0.0382 
  
MS-CASPT2 61.7 (463 nm)  
  
S0-Z8 E f singly occupied orbitals 
TD-B3LYP 67.8 (422 nm) 0.0016 
    
TD-CAM-B3LYP 70.4 (406 nm) 0.0022 
  




M-Z11(S0) E f singly occupied orbitals 
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TD-B3LYP 61.5 (465 nm) 0.0676 
  
TD-CAM-B3LYP 63.8 (448 nm) 0.0534 
  
MS-CASPT2 62.7 (456 nm)  
  
S0-Z8 E f singly occupied orbitals 
TD-B3LYP 69.7 (410 nm) 0.0020 
  
TD-CAM-B3LYP 72.5 (394 nm) 0.0027 
  
MS-CASPT2 72.7 (393 nm)  
  
 
Table S2. Selected geometric parameters of the optimized structures of Z11 and Z8 (see Sect. 
2 for atom numbering). 
Structures 
Dihedral Angle (°) 
C1C2N3N4 C2N3N4C5 N3N4C5C6 
Z11 
M-Z11(S0) -56.2 -3.7 -55.6 
P-Z11(S0) 56.2 3.6 55.6 
M-CI(S1S0) -7.1 -92.3 -2.3 
P-CI(S1S0) 7.1 92.2 2.0 
Z8 
S0-Z8 0.0 0.0 92.9 
M-CI(S1S0) 2.0 -92.0 -0.3 




Table S3. Absolute energies (A.E.,hartree) and relative energies (E, kcal/mol) of the 
optimized structures of Z11 and Z8. Identical results are obtained for the enantiomer of M-







Root1 (S0) -682.46325 0.0 
Root2 (S1(1nπ*)) -682.36490 61.7 
Root3 -682.29480 105.7 
Root4 -682.28478 112.0 
M-CI(S1S0)  
Root1 -682.41636 29.4 
Root2 -682.40617 35.8 
Z8 
S0-Z8  
Root1 (S0) -604.11836 0.0 
Root2 (S1(1nπ*)) -604.00637 70.2 
Root3 -603.93460 115.3 
Root4 -603.93029 118.0 
M-CI(S1S0)  
Root1 -604.06641 32.6 




6. Hopping Results 
 
Figure S6: Hopping times at all S1 → S0 hopping points and distribution of the key C2N3N4C5 






Figure S7: Distribution of different dihedral angles at the initial points (squares in blue) and at 
the hopping points (circles in red) of Z11. Left panels, simulations starting from M-Z11(S0); right 




Figure S8: Distribution of different dihedral angles at the initial points (squares in blue) and 
hopping points (circles in red) of Z8.  
7. Product Analysis 
 
Figure S9: Distribution of the key C2N3N4C5 dihedral angles at all S1 → S0 hopping points for 
Z11 and Z8. (a): trajectories starting from M-Z11(S0); (b) trajectories starting from P-Z11(S0); (c) 
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9. Cartesian Coordinates  




C -1.01667054 0.50021122 -0.54535247 
C -2.2213177 0.5707003 0.10356629 
N -2.69550624 -0.68127864 0.14830026 
N -1.89275358 -1.54635544 -0.47945529 
C -0.87085377 -0.86473109 -0.91056766 
S16 
 
C 0.19843387 -1.54115641 -1.71484939 
H 0.52727045 -0.91339329 -2.53565711 
H 1.06513141 -1.77575189 -1.10881394 
H -0.19493269 -2.46351023 -2.12209582 
H -4.78105658 -0.66171472 0.32412515 
H -3.97946632 -2.21211184 0.56476854 
H -3.9118484 -0.98188957 1.82551126 
C -3.91709883 -1.15305359 0.7552965 
C -2.93486385 1.75119427 0.68253762 
H -3.96548404 1.79039276 0.34581405 
H -2.94056953 1.72177977 1.7683589 
H -2.44063788 2.66066914 0.36998312 
N -0.29322005 1.67699771 -0.89779699 
N 0.93544411 1.8188137 -0.73529532 
C 1.77132798 0.84264675 -0.10168221 
C 1.52645832 0.35143358 1.1843906 
C 2.45695975 -0.49243709 1.78266624 
C 3.62229677 -0.84739027 1.10600272 
C 3.86985043 -0.34084641 -0.15216294 
C 2.95916318 0.52411634 -0.75255953 
H 2.27162515 -0.87106264 2.77160019 
H 0.6320809 0.62794606 1.70861173 
H 4.33336352 -1.50544069 1.57255222 
H 4.77658263 -0.59893621 -0.66944014 
H 3.15958353 0.95201941 -1.7177406 
 
M-CI(S1S0) 
C 1.19969 0.218292 0.55776 
C 2.29693 1.042636 0.433538 
N 3.134847 0.418873 -0.397229 
N 2.653886 -0.763935 -0.815299 
C 1.492005 -0.91692 -0.255345 
C 0.698855 -2.165117 -0.489267 
H -0.228347 -1.954567 -1.009641 
H 1.286976 -2.849009 -1.087987 
H 0.444318 -2.647579 0.447784 
C 4.387012 0.883989 -0.944023 
H 5.029471 0.028647 -1.087418 
H 4.235766 1.377495 -1.897378 
H 4.857243 1.573109 -0.257427 
C 2.563978 2.37689 1.056868 
H 1.752474 2.628747 1.724186 
S17 
 
H 3.487257 2.366231 1.627488 
H 2.644148 3.154688 0.303467 
N 0.122628 0.540591 1.378136 
N -0.895289 -0.229102 1.368147 
C -2.050021 -0.2282 0.653802 
C -2.350764 0.784476 -0.277349 
C -3.555364 0.741553 -0.976919 
C -4.466212 -0.28792 -0.764565 
C -4.161665 -1.285251 0.168542 
C -2.98646 -1.262791 0.869126 
H -2.761168 -2.022852 1.593485 
H -4.862824 -2.081921 0.342492 
H -5.392385 -0.317501 -1.307382 
H -3.776991 1.51764 -1.687505 




N 2.05609982 -1.36603805 -0.00055793 
N 3.03356356 -0.45638828 0.00074454 
C 2.55529599 0.78322668 0.00046013 
C 1.18645537 0.69946384 -0.00122969 
C 0.93906532 -0.70071076 -0.00182575 
H 0.01430133 -1.23239541 -0.00371156 
H 3.18441116 1.64818896 0.00134695 
C 4.4097254 -0.89259277 0.00202965 
H 4.60639545 -1.48713637 0.88356331 
H 5.05277766 -0.02413174 0.00297574 
H 4.60818662 -1.48650905 -0.87953345 
N 0.44888607 1.90750612 -0.00168039 
N -0.79568373 1.99474926 -0.00285661 
C -1.63411594 0.83534242 -0.00287039 
C -2.08887331 0.31406861 1.20920672 
C -2.96890661 -0.76298076 1.20353197 
C -3.40510698 -1.30508939 -0.00448711 
C -2.97281572 -0.76628897 -1.19729666 
C -2.09121072 0.31367813 -1.207555 
H -1.75938903 0.74216439 -2.13583315 
H -1.75256899 0.74484764 2.13490783 
H -3.31465096 -1.17374154 2.13491712 
H -4.08641593 -2.13690069 -0.00384984 
S18 
 
H -3.31731084 -1.17573929 -2.13006141 
 
M-CI(S1S0) 
C 1.221052 -0.19466 -0.445158 
C 2.492671 -0.675971 -0.265424 
N 3.155893 0.241168 0.43899 
N 2.399482 1.30459 0.721424 
C 1.232362 1.063794 0.201627 
C 4.535211 0.221447 0.866408 
H 5.097493 0.98669 0.347877 
H 4.586173 0.401835 1.930791 
H 4.958099 -0.747988 0.644651 
N 0.216445 -0.880412 -1.127596 
N -0.905789 -0.283203 -1.240466 
C -2.046986 -0.264341 -0.50571 
C -2.190318 -1.02132 0.672725 
C -3.384176 -0.9579 1.389079 
C -4.436472 -0.16063 0.951052 
C -4.287029 0.579967 -0.22791 
C -3.12555 0.533432 -0.947973 
H -3.015005 1.094721 -1.856814 
H -5.098263 1.194065 -0.576261 
H -5.353644 -0.113735 1.507889 
H -3.485837 -1.534793 2.290815 
H -1.379419 -1.637489 1.011295 
H 2.941614 -1.591627 -0.588089 
H 0.437992 1.77536 0.288779 
 
 
